Abstract-We present hybrid metal-dielectric waveguides coupled to 2D materials that provide strong light-matter interaction at THz frequencies. We show that the strength of the electric field components are maximized at the top of the dielectric strip on which the 2D material is deposited. We predict 100 % modulation of THz light by tuning the Fermi level of a graphene sheet deposited onto an 1mm-long hybrid metal-dielectric waveguide. We also show the potential of graphene multilayers coupled to these waveguides for achieving lasing at THz frequency.
I. INTRODUCTION
RAPHENE and other 2D layered materials such as black phosphorus and TMCD can realize many functions required for THz photonic circuits (e.g., modulation and detection of photons) and can be easily integrated with other components. However, the inherent thinness of 2D materials severely limits their interaction with normal incident light.
In recent years, several strategies have been proposed to enhance the interaction between THz optical field and the 2D material. Approaches rely on the integration of 2D materials with photonic structures, into optical cavities [1] , surface plasmonic metal waveguides [2] and dielectric waveguides in which the 2D layer is buried [3] .
Here, we propose hybrid metal-dielectric waveguides coupled to 2D materials deposited on top that are easy to fabricate and provide strong light-matter interaction at THz frequencies. The structure of the hybrid metal-dielectric waveguides is depicted in Fig.1 . It consists of a 500 nm thick metal film and a dielectric strip made of high resistivity Si or low-doped GaAs layers, a 300 nm thick SiO2 layer and the 2D material are deposited on the top of the hybrid metal-dielectric waveguide. The SiO2 layer allows for tuning the chemical potential µ, by electrostatic modulation of the 2D material. The 2D materials coupled hybrid metal dielectric waveguides proposed here are feasible with state-of-the-art fabrication techniques since it relies on wafer bonding technique widely used for double metal QCL and on suspended metal wire used for terahertz detectors based on three-dimensional meta-atoms.
II. RESULTS
We first investigate the fundamental quasi-TE and quasi-TM modes propagating along these hybrid metal-dielectric waveguides (without 2D material on the top). Figure 2 show that these two modes are very promising to achieve strong lightmatter interaction with a 2D material deposited on this interface. Indeed, for the quasi-TE mode, the two dominant components, Ex and Ez can interact with a 2D layer deposited on the strip and are maximized at the antinode of the optical field, localized in our geometry at the air/dielectric interface. For the quasi-TM mode, the two dominant electric field components are Ey and Ez. Whereas only Ez can interact with a 2D material deposited on the top of the strip, it reaches 90 % of the maximum of Ey.
We now focus on the light-matter coupling between THz photons and a single graphene layer integrated onto the hybrid metal-dielectric waveguides. In the intraband regime, the modulation depth, given by / where T is the transmission coefficient, is a key parameter in view of light modulation applications. Figure 2a demonstrates that full modulation can be achieved in a single graphene layer coupled to hybrid metal-dielectric waveguides of 1mm length for both modes and for several waveguide geometries. This scheme could be extend to other 2D materials such as doped BP and TMD that also possess THz intraband conductivity.
The regime of THz interband processes obtained for very low µ is very interesting for THz optical gain and carrier generation. For these applications, it is crucial to enhance the 2.3% interband absorption of the light passing through a monolayer of graphene. Figure 2b shows the light absorbed by interband process in a single graphene sheet coupled to hybrid metaldielectric waveguides at 2.5 THz and 4 THz as a function of the length of the waveguide L. We observed that more than 90% of the THz light is absorbed for waveguide length of 3 mm for all configurations, demonstrating clearly the enhancement of lightmatter interaction provided by the waveguide geometry. 978-1-5386-3809-5/18/$31.00 ©2018 IEEE
